PH (pleckstrin homology) domains represent the 11th most common domain in the human proteome. They are best known for their ability to bind phosphoinositides with high affi nity and specifi city, although it is now clear that less than 10% of all PH domains share this property. Cases in which PH domains bind specifi c phosphoinositides with high affi nity are restricted to those phosphoinositides that have a pair of adjacent phosphates in their inositol headgroup. Those that do not [PtdIns3P, PtdIns5P and PtdIns(3,5)P 2 ] are instead recognized by distinct classes of domains including FYVE domains, PX (phox homology) domains, PHD (plant homeodomain) fi ngers and the recently identifi ed PROPPINs (β-propellers that bind polyphosphoinositides). Of the 90% of PH domains that do not bind strongly and specifi cally to phosphoinositides, few are well understood. One group of PH domains appears to bind both phosphoinositides (with little specifi city) and Arf (ADPribosylation factor) family small G-proteins, and are targeted to the Golgi apparatus where both phosphoinositides and the relevant Arfs are both present. Here, the PH domains may function as coincidence detectors. A central challenge in understanding the majority of PH domains is to establish whether the very low affi nity phosphoinositide binding reported in many cases has any functional relevance. For PH domains from dynamin and from Dbl family proteins, this weak binding does appear to be functionally important, although its precise mechanistic role is unclear. In many other cases, it is quite likely that alternative binding partners are more relevant, and that the observed PH domain homology represents conservation of structural fold rather than function. 
stable scaffold onto which many different binding functions can be imposed. In this article, I will consider two main questions from the perspective of our work on PH domains and other phosphoinositide-binding domains in Saccharomyces cerevisiae. First, I will consider the fact that phosphoinositide binding domains can be sharply subdivided based on the phospholipids that they recognize. Secondly, I will consider the implications for PH domains in general from our recent genome-wide survey of their phosphoinositide-binding properties in yeast.
PH domains bind strongly to phosphoinositides with two adjacent phosphates
Once it was appreciated that some PH domains specifi cally recognize membrane phosphoinositides, it seemed reasonable to suggest that there would be examples that bind to each of the naturally occurring phosphoinositides. Specifi c binding to PtdIns(4,5)P 2 was identifi ed fi rst [7, 8] , although there remain only one or two PH domains with this property [26] . The next group to be identifi ed, including the Grp1 and Btk PH domains [27, 28] , were those PH domains that bind PtdIns(3,4,5)P 3 with high affi nity and specifi city. The related PH domains from PKB/Akt (protein kinase B), DAPP1 (dual adaptor for phosphotyrosine and 3-phosphoinositides) and the C-terminal PH domain from TAPP1 all bind both PtdIns(3,4,5)P 3 and PtdIns(3,4)P 2 [10, 13, 19, [29] [30] [31] . The TAPP1 C-terminal PH domain shows a preference for PtdIns(3,4)P 2 over PtdIns(3,4,5)P 3 [31] , but clearly binds both phospholipids [13] . PH domains with apparent specifi city for PtdIns3P, PtdIns4P or PtdIns(3,5)P 2 have been reported based on lipid overlay experiments in which binding of GST (glutathione S-transferase)-PH domain fusion proteins to nitrocellulose fi lters spotted with phosphoinositides is studied [26, 30, 32] . In each of these cases, however, other methods have shown the PH domain to bind PtdIns3P, PtdIns4P or PtdIns(3,5)P 2 with low affi nity. In our own surface plasmon resonance studies, we have never been able to detect high-affi nity specifi c binding of any PH domain to PtdIns3P, PtdIns4P or PtdIns(3,5)P 2 . The one PH domain for which clear specifi c PtdIns3P recognition has been reported with approaches other than overlay experiments is actually a previously unrecognized 'split' PH domain (from the GLUE domain of Vps36), and structural studies showed that this PH-like domain binds phosphoinositides in a manner quite distinct from that seen in other well known phosphoinositide-PH domain complexes [33] .
It therefore appears that high-affi nity and specifi c PH domains may be restricted to those that recognize PtdIns(4,5)P 2 , PtdIns(3,4)P 2 and PtdIns(3,4,5)P 3 . Structural studies of PH domain/phosphoinositide interactions provide one appealing possible explanation for this. Common to all of the known structures is an array of basic side-chains that form an extensive hydrogen bonding network with two adjacent/vicinal phosphate groups on the inositol ring [9, [12] [13] [14] , as illustrated in Figure 1 (the two phosphates in each panel marked with asterisks). Indeed, even in the nominally unliganded Grp1 and DAPP1 PH domain crystal structures, these two sites were occupied by sulfate ions [14] or phosphate ions [13] . The two sites are occupied by the adjacent 4-and 5-phosphates of Ins(1,4,5)P 3 when it is bound to PLCδ-PH [9] or ARNO (Arf nucleotide-binding site opener)-PH [34] . When Ins(1,3,4,5)P 4 is bound to the DAPP1 (Figure 1) , Btk, Grp1, ARNO, or PKB PH domains [12] [13] [14] 34, 35] , almost identical locations are instead occupied by the adjacent 3-and 4-phosphate groups. The inositol ring is effectively fl ipped 180° between the PLCδ-PH and DAPP1-PH complexes in Figure 1 in order to accommodate this. Thus, the 3-phosphate of Ins(1,3,4,5)P 4 in the DAPP1-PH complex lies where the 5-phosphate is seen in the PLCδ-PH/ Ins(1,4,5)P 3 complex, while the location of the 4-phosphate is relatively unchanged (other than being effectively inverted by the 180° fl ip). It can be argued that this pair of vicinal phosphates (4 and 5, or 3 and 4), seen in all high-affi nity PH domain-inositol phosphate complexes, make the core set of interactions that drive phosphoinositide recognition by PH domains. Additional binding energy (and specifi city) is derived from hydrogen bonds made with phosphate groups outside this vicinal pair [the 1-phosphate in PtdIns(4,5)P 2 -Ins(1,4,5)P 3 and PtdIns(3,4)P 2 -Ins(1,3,4)P 3 ; the 1-and 5-phosphates in PtdIns(3,4,5)P 3 -Ins(1,3,4,5)P 4 complexes], but the vicinal pair seems to be critical. A sequence motif suggested initially by Skolnik and colleagues [36] , and subsequently visualized in structural studies [13, 14] has a conserved basic residue at the end of strand β1 (Lys 30 in PLCδ-PH, Lys 173 in DAPP1-PH; see Figure 1 ) and a second critical basic residue in the middle of strand β2 (Arg 40 in PLCδ-PH, Arg 184 in DAPP1-PH; see Figure 1 ). Together, these two side-chains appear to defi ne hydrogen bonding interactions with the key pair of vicinal phosphate groups in Figure 1 Location of the binding site for two adjacent phosphate groups in the PLC-δ1 and DAPP1-PH domains. Figures were generated using the coordinates of PLCδ-PH bound to Ins(1,4,5)P 3 [9] (left panel) and DAPP1-PH [13] bound to Ins(1,3,4,5)P 4 (middle panel) or with bound phosphates from the crystallization buffer (right panel). Each PH domain is in the same orientation, and the view is centered on the inositol phosphate binding site. Strands β1 and β2 of the PH domain are marked, as are the phosphate groups and the key basic side-chains involved in hydrogen bonding to the phosphates. The two vicinal phosphates that appear to be in a common location in these and all other high-affi nity PH domains [34] are marked with asterisks. Note that the orientations of Ins(1,4,5)P 3 in the left panel and Ins(1,3,4,5)P 4 in the middle panel are related by a 180° rotation about an axis close to a line that can be drawn between the 1-and 4-phosphates. K30/R40 in PLCδ-PH and K173/R184 in DAPP1-PH are the key basic residues in the β1/β2 loop motif fi rst identifi ed by Skolnik and colleagues [36] . Single letter amino acid codes are used. the target phosphoinositide. The β1 lysine residue hydrogen bonds with both phosphates, and the β2 arginine residue hydrogen bonds with the phosphate in the 3/5 position. Our recent genome-wide analysis of PH domains in yeast [26] showed that all PH domains that bind reasonably strongly to phosphoinositides have these two basic amino acids conserved. This aspect of the motif was found in only one or two examples that did not bind strongly to phosphoinositides in our yeast study.
Thus an important characteristic of phosphoinositides that are specifi cally (and tightly) bound by PH domains is that their headgroup contains a pair of vicinal phosphate groups. Structural studies to date indicate that PH domain/phosphoinositide interactions are driven largely (if not exclusively) by interactions with the inositol phosphate headgroup. PLCδ-PH, for example, binds approx. 10-fold more strongly to free Ins(1,4,5)P 3 than to PtdIns(4,5)P 2 in membranes [7] , and Grp1-PH binds approx. 20-fold more strongly to Ins(1,3,4,5)P 4 than to PtdIns(3,4,5)P 3 in a neutral lipid background [19, 37] . As described in the next section, the dominance of headgroup interactions and the reliance on a pair of adjacent phosphates is unique to PH domains.
Phosphoinositides without two adjacent phosphates are recognized by other types of domain
In the absence of PH domains that bind specifi cally and strongly to PtdIns3P, PtdIns4P, PtdIns5P or PtdIns(3,5)P 2 , i.e. phosphoinositides that do not have two adjacent phosphates in their headgroup, one might expect that other classes of domain exist to fulfi ll this function. Indeed FYVE domains and PX (phox homology) domains have been known for some time to bind specifi cally to PtdIns3P [15, 16, 38, 39] . All known FYVE domains select this phosphoinositide. For PX domains, our own studies have indicated that all yeast examples are PtdIns3P-specifi c [40] , but a few cases have been reported in mammals of PX domains that may bind PtdIns(3,4)P 2 , PtdIns(3,4,5)P 3 or PtdIns(4,5)P 2 [41] [42] [43] . Structural studies of FYVE and PX domains have provided reasonably clear views of how they recognize PtdIns3P. Their interactions with PtdIns3P-containing membranes are clearly less reliant on headgroup binding alone than is the case with PH domains. Although the pattern of phosphate groups in the PtdIns3P headgroup is important in defi ning specifi city, interactions with other parts of the lipid and/or membrane are required for high-affi nity membrane association.
FYVE domains
In the case of zinc fi nger-like FYVE domains [44] , side-chains from a basic motif in the fi rst β-strand [(R/K)(R/K)HHCR] account for nearly all hydrogen bonds seen between the PtdIns(3)P headgroup and the FYVE domain [45] . Hydrogen bonds are made with the 1-and 3-phosphates of the PtdIns3P headgroup, but also with the 4-, 5-and 6-hydroxy groups of the inositol chair (which would be disrupted if these positions were phosphorylated), thus defi ning the PtdIns3P-specifi city of the FYVE domain. Despite this specifi city, FYVE domains bind the isolated PtdIns3P headgroup [Ins(1,3)P 2 ] with rather low affi nity (K D > 20 µM [45] ). In contrast with PH domains, FYVE domains bind much more strongly to their target lipid in membranes than to the isolated inositol phosphate headgroup [46] . This appears to result in part from the insertion of non-polar side chains from a 'membrane interaction loop' of the FYVE domain into the membrane interior [44, 47, 48] . In addition, coiled coil-mediated FYVE domain dimerization has been shown to be important for high-avidity PtdIns3P recognition by some FYVE domains within the cell [45, 49, 50] .
PX domains
PX domains, like FYVE domains, also make relatively few direct hydrogen bonds with the inositol phosphate headgroup of PtdIns3P [51] , suggesting that their affi nity for Ins(1,3)P 2 is quite low. Specifi city appears to be defi ned by the pattern of hydrogen bonds with the 1-and 3-phosphates as well as 4-and 5-hydroxy groups of the PtdIns3P headgroup. A crystal structure of the p40 phox PX domain bound to dibutanoyl-PtdIns3P [51] indicated that direct van der Waals interactions are also made between the PX domain and the glycerol backbone of the phospholipid, involving a 'membrane interaction loop' that NMR and monolayer studies further suggest to penetrate the lipid bilayer to enhance binding to PtdIns3P in membranes [52, 53] . Thus PX domains again invoke additional membrane-interaction mechanisms to enhance affi nity.
PtdIns(3,5)P 2 recognition
It is currently less clear how PtdIns(3,5)P 2 is specifi cally recognized. The ESCRT complex component Vps24p has been reported to bind PtdIns(3,5)P 2 specifi cally [54] , as have the ENTH (Epsin N-terminal homology) domains of Ent3p and Ent5p in S. cerevisiae [55, 56] . However, we have been unable to detect high-affinity binding of these proteins (or their constituent domains) to PtdIns(3,5)P 2 using a variety of approaches [57, 58] . On the other hand, the PROPPINs (β-propellers that bind polyphosphoinositides) [57] , exemplifi ed by Svp1p/Atg18p from S. cerevisiae [59] , represent a novel group of β-propeller proteins that do bind PtdIns(3,5)P 2 with high affi nity and specifi city. A basic motif with the consensus sequence E/Q-ψ-R-R-G in the β-propeller of Svp1p/Atg18p, which is conserved in other PROPPINs, is critical for PtdIns(3,5)P 2 binding [59] and suggests that the β-propeller itself constitutes the phosphoinositide-binding site. Other members of the family may be more promiscuous in their phosphoinositide recognition, binding both PtdIns3P and PtdIns(3,5)P 2 [60, 61] , but the PROPPINs certainly appear to represent a novel class of phosphoinositide-recognition protein that is distinct from PH domains in not requiring a pair of vicinal phosphates. A thorough understanding of how PROPPINs recognize PtdIns(3,5)P 2 and PtdIns3P awaits determination of their structures, as well as analysis of the extent to which they may penetrate the membrane surface.
PHD (plant homeodomain) fi ngers
The one remaining phosphoinositide that we have not discussed is PtdIns5P, again lacking pairs of vicinal phosphates in the headgroup. PtdIns5P has been reported to bind specifi cally to the PHD zinc fi ngers of the nuclear [63] . These proteins are thought to function as nuclear receptors for this phosphoinositide.
Thus while phosphoinositides that have a pair of vicinal phosphates appear to be targeted by PH domains that bind to them primarily through interactions with the inositol phosphate headgroup, other phosphoinositides are recognized by quite different groups of domains that utilize a combination of membrane-targeting mechanisms for their association with bilayers containing PtdIns3P or PtdIns(3,5)P 2 , for example. Whereas FYVE, PX and other domains have all been observed to penetrate their target membranes, it is generally viewed that PH domains do not require such interactions to drive specifi c phosphoinositide-driven membrane association [64] . It should be noted, however, that several studies do suggest that the PLCδ-PH domain is membrane active [65] [66] [67] , although the details and thermodynamic consequences are not yet clear.
Unique puzzles presented by the OSBP (oxysterol binding protein)/FAPP (four phosphate adaptor protein)1/Osh1p group of PH domains
One group of PH domains presents interesting puzzles with regard to both their phosphoinositide-binding characteristics and their subcellular localization. Given what I have outlined above, in vitro phosphoinositide binding by these PH domains is diffi cult to explain, since they appear to bind similarly to all phosphoinositides tested, regardless of the presence of two vicinal phosphates. Moreover, when their subcellular localization is analysed, some of these PH domains are found to be associated specifi cally with the Golgi [26, 68, 69] , despite the fact that other PH domains with identical phosphoinositide-binding specifi cities are instead plasma membrane-targeted. These fi ndings suggest the existence of additional non-phosphoinositide targets.
In vitro phosphoinositide binding by OSBP/FAPP1/Osh family PH domains
The PH domains from OSBP, GPBP (Goodpasture antigen binding protein), FAPP1, and the S. cerevisiae OSBP homologues Osh1p and Osh2p all bind in vitro with reasonable affi nity (K D values in the approx. 1-20 µM range) to PtdIns(4,5)P 2 , PtdIns4P and other phosphoinositides [26, 68] . Although FAPP1′s PH domain was identifi ed in lipid overlay studies as a PtdIns4P-specifi c PH domain [30] , this specifi city is not apparent with other approaches [68] (D. Keleti and M.A. Lemmon, unpublished work). Nonetheless, the fact that this group of PH domains binds with similar affi nity to PtdIns4P and PtdIns(4,5)P 2 , for example, sets them apart from other PH domains, since PtdIns4P does not possess a pair of vicinal phosphate groups. In our studies of the Osh2p PH domain, K D values for binding to vesicles containing PtdIns(4,5)P 2 , PtdIns(3,5)P 2 , PtdIns3P and PtdIns4P fell within the narrow range of 1-1.5 µM [26] , arguing that the presence of three rather than two phosphates does not signifi cantly increase binding affi nity, and nor does the occurrence of two vicinal phosphates. These PH domains all contain the basic motif in their β1/β2 loop region that was mentioned previously. It is possible that the basic side-chains in the β1/β2 loop motif of these PH domains are arranged differently in space, such that they select two phosphate groups in an inositol headgroup that are separated by an unsubstituted hydroxy group. Without other restrictions on the orientation of the headgroup, this would allow PtdIns3P, PtdIns4P, PtdIns(3,5)P 2 and PtdIns(4,5)P 2 to bind with similar affi nities (although one might expect relatively low affi nities for such an unconstrained binding site). To test this hypothesis, structural studies of one or more of these PH domains is required, bound to a series of different headgroups. An alternative possibility is that this group of PH domains achieves high-affi nity binding to phosphoinositide-containing vesicles by inserting unidentifi ed hydrophobic regions of the domain into the membrane, similar to the insertion of the 'membrane interaction loop' employed by FYVE and PX domains. Under these circumstances, binding to the inositol phosphate headgroup of phosphoinositides by the OSBP/GPBP/FAPP1/Osh PH domains might have very low affi nity and specifi city, with the binding energy lost compared with other PH domains replaced by membrane penetration.
Targeting of OSBP/FAPP1/Osh family PH domains to the Golgi
Levine and Munro [70, 71] fi rst noted that the PH domains from OSBP and its S. cerevisiae homologue Osh1p are selectively recruited to the Golgi. In subsequent studies, they found that the OSBP, FAPP1, and GPBP PH domains are all specifi cally targeted to the Golgi in a manner that depends on the production of PtdIns4P at the Golgi by the phosphoinositide 4-kinase Pik1p [68] . In our own analysis of S. cerevisiae PH domains [26] , we found that the Osh1p PH domains was clearly Golgi-localized when analysed as a GFP fusion protein, whereas other PH domains with identical in vitro phosphoinositide-binding characteristics (notably the Skm1p PH domain) were associated with the plasma membrane. Levine and Munro [68] determined that Golgi localization of the OSBP PH domain in yeast is sensitive both to reductions in PtdIns4P production in the Golgi and to mutations in the ARF1 small GTPase [68] . Interactions with mammalian ARF1 have also been reported for the OSBP and FAPP1 PH domains [72] . Thus it appears that these PH domains may have dual targets: one phosphoinositide, one protein (a small G protein in this case). PH domains from this class may be targeted specifi cally to the Golgi because it is the only cellular location at which the phospholipid and protein targets of the PH domain co-exist. Thus the PH domains from OSBP, FAPP1, Osh1p, etc may effectively be coincidence detectors.
The fact that many proteins and modules that display the PH domain fold are involved in protein-protein rather than protein-phospholipid interactions [21, 73] lends credence to this argument. Indeed, there are now several examples of PH domains and PTB (phosphotyrosine binding) domains in which simultaneous binding of a protein ligand and a phosphoinositide to the same PH domain [74] or (PH-like) PTB domain [75, 76] has been directly visualized. An example is shown in Figure 2 , where an NPXY-containing peptide and the PtdIns(4,5)P 2 headgroup were observed bound to the same PTB domain (from disabled-1 [75] ). It is possible that protein/lipid coincidence detection of this sort is a property of many PH domains and of otherwise characterized domains that possess the remarkably common PH domain fold.
What do other PH domains do?
It is clear that some PH domains recognize phosphoinositides with high affi nity and specifi city. The additional examples outlined above may recognize both phosphoinositides and another possibly protein, target. In S. cerevisiae, we found that only one of the 33 PH domains identifi ed by the SMART database [18] binds both strongly and specifi cally to a particular phosphoinositide [26] . This is the Num1p PH domain, which binds to PtdIns(4,5)P 2 , and shares localization properties in yeast and mammalian cells with the PLCδ-PH domain. Thus, the property for which PH domains fi rst became known is actually a rare property for the domain class, only relevant for 3% of yeast PH domains. Our yeast studies showed that only six additional PH domains (from Boi1p, Boi2p, Cla4p, Osh1p, Osh2p and Skm1p) possess reasonably strong phosphoinositide binding in vitro. All of these PH domains were clearly membrane targeted (to the plasma membrane or Golgi) when analysed as a GFP fusion protein, except for the Boi1p and Boi2p PH domains (although the Boi2p PH domain was Coordinates were from the structure determined by Stolt et al. [75] . This complex represents an example of how proteins and phosphoinositides may cooperate in driving membrane association of a PTB domain, and indeed PH domains such as those from the OSBP family. The grey oval marks the broad area in which phosphoinositides bind to the other PH domains discussed in this chapter.
membrane targeted according to a Ras recruitment assay [36] ). Three other PH domains (from Yil105cp/Slm1p, Ynl047wp/Slm2p and Opy1p) also showed plasma membrane targeting in our yeast study. Membrane association of the Slm1p and Slm2p PH domains was dependent on PtdIns(4,5)P 2 production, and Audhya et al. [77] have since determined that Slm1p and Slm2p form a tight complex and function downstream of PtdIns(4,5)P 2 and the TORC2 kinase complex to control organization of the actin cytoskeleton. On the other hand plasma membrane localization of the Opy1p C-terminal PH domain appeared to be phosphoinositide-independent based on our studies of yeast mutants [26] , and it remains unclear what drives it to the plasma membrane.
The remaining 23 yeast PH domains showed no evidence of membrane association when analysed as GFP fusion proteins (although the Ask10p, Caf120p and Ybl060wp PH domains did show evidence of membrane association in the more sensitive Ras rescue assay). Yet, the majority of these PH domains (some 14 PH domains that showed no evidence of membrane association in any assay) appeared to bind very weakly to phosphoinositides according to lipid overlay assays [26] . This experiment has been repeated with many mammalian PH domains, and indeed with many putative phosphoinositide proteins in general [58] . The question that arises is whether the low-affi nity, occasionally specifi c, phosphoinositide binding observed in these studies is functionally important or whether it is simply an artefact (indeed, many proteins will bind highly charged species nonspecifi cally, and this property is exploited for cation-exchange chromatography, for example).
A series of recent studies argue that weak phosphoinositide binding by the PH domains that follow DH (Dbl homology) domains is important for regulating the Dbl family of Rho-GEFs (guanine nucleotide exchange factors) [78, 79] . In these cases, the GEF is targeted to the membrane (where the Rho GTPase is located) by domains other than the PH domain. Once membrane-targeted, the Dbl protein will experience rather high local concentrations of phosphoinositides, and it is thought that in this context the low-affi nity PH domain/ phosphoinositide interaction is suffi cient to promote conformational changes that may allosterically activate the GEF [32, 79] . The large GTPase dynamin represents another example in which very low affi nity phosphoinositide binding has functional importance. The isolated dynamin PH domain binds to the PtdIns(4,5)P 2 headgroup with a K D in the millimolar range [28, 80] , and binding to PtdIns(4,5)P 2 -containing liposomes can only be detected when the PH domain is dimerized [81] . Yet, three separate groups, with three independent mutations [82] [83] [84] , found that impairing the already weak binding of the PH domain to PtdIns(4,5)P 2 signifi cantly impairs dynamin function in receptor-mediated endocytosis. It is not yet understood precisely how such low-affi nity phosphoinositide binding contributes to dynamin function. One possibility is that dynamin oligomerization allows the PH domain to drive high-avidity multivalent membrane association of dynamin oligomers [21, 81] . Alternatively, this binding might play a more direct role in membrane scission by dynamin. As with all such cases in which low-affi nity phosphoinositide binding by a PH domain is suspected to be important, detailed studies specifi c to that protein will need to be completed.
Conclusions
Since their identifi cation in 1993, the broad family of PH domains and structural relatives has burgeoned. A very small proportion of PH domains bind phosphoinositides with high affi nity and specifi city, and drive their host proteins to particular cellular membranes in a way that can be precisely regulated. With the emergence of FYVE domains and PX domains, PROPPINs and other examples, PH domains that perform this function now appear to be greatly outnumbered by other domains. However, PH domains remain the primary domain class with specifi city and high affi nity for phosphoinositides with two vicinal phosphates in their headgroup. A subclass of PH domains with little specifi city for phosphoinositides (OSBP-relatives) appears to detect the coincidence of phosphoinositides and another target that may be a small G-protein, and this can defi ne precise subcellular localization. In these cases, binding of the PH domain to its protein target may resemble that seen for well described protein-protein interactions driven by modules such as PTB and EVH (Ena/ VASP homology) domains that share the PH domain fold [21, 73] . Perhaps one of the biggest challenges for understanding the general properties of this large class of domains is to determine whether the frequently observed low-affi nity and promiscuous phosphoinositide binding has functional importance. In a few cases, there are strong signs that such phosphoinositide binding is critical. However, it remains possible that it is a red herring in many cases, and the role played by weak phosphoinositide binding needs to be considered on a case-by-case basis for this functionally heterogeneous domain family.
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